Introduction

27
Conjugated alternant hydrocarbons (CAHs) have played a fun- 28 damental role in the development of theoretical chemistry. The 29 effectiveness of the Hückel molecular orbital (HMO) method for 30 studying electronic properties of CAHs continues to amaze genera- 31 tions of chemists [1] . The whole area of chemical graph theory has 32 been fueled by the development of theoretical tools for studying 33 the energetic properties of conjugated polyenes and polycyclic aro-34 matic compounds as well as fullerenes and carbon nanotubes [2, 3] . 35 The recent discovery of graphene has increased the interest in 36 CAHs in physics, chemistry and material sciences from both a the-37 oretical and experimental perspective [4] . In particular, the exis- 38 tence of open-shell configurations in certain graphene nanoflakes 39 (GNFs) has been identified as the major cause of relevant magnetic 40 properties, such as in the case of trigonal zigzag GNFs which are 41 predicted to show metallic antiferromagnetism [5, 6] . The same 42 electronic property is also responsible for the intriguing properties 43 of functionalized trigonal GNFs, such as spin transfer, their use as 44 components in molecule-based conductors and as electrode active 45 materials in secondary batteries [7] . Graphene nanoflakes, also 46 known as nanoislands or nanodisks, are finite-sized graphene 47 fragments of arbitrary size and shape. When the edges of these 48 fragments are passivated by hydrogen, GNFs are realizable as 49 all-benzenoid PAHs [8] in which all carbon atoms have sp 2 hybrid-50 ization. GNFs can possess large spins depending of their shapes, 51 which include linear, triangular, rectangular, parallelogrammic, 52 hexagonal, bowtie, etc.
53
Apart from the well-known fact that the zero-energy states in 54 CAHs give rise to unbonded electrons or radicals, any CAH can be 55 represented as a superposition of various resonant structures 56 which include a few radical ones. In other words, any CAH has a 57 radicaloid structure even in the case that they do not have any 58 zero-energy states [7, [9] [10] [11] [12] [13] . Such radical character is responsible 59 for the nonlinear optical (NLO) properties of several GNFs 60 [11] [12] [13] . It is also expected to influence the spin density at the dif- This Hamiltonian can then be simplified to
134 134 135 where the entries of the matrix P are and the corresponding eigenvalue by [18] 177
Then we have 
188 188 where also G pp ðC n Þ=G 0 pp ðC n Þ ! 1 as n ? 1.
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As an example we illustrate in Table 1 Table 2 ) [19] .
236
For instance, the distance between the atoms 1 and 3 in this mol- hexagonal (coronenes), trigonal (triangulenes) and bowtie GNFs.
295
The first two types of systems are examples of closed-shell GNFs 296 and the last two represent systems with open-shells. As can be Table 1 Exact values of the thermal Green's function for the nonequivalent atoms in 1,3,5,7-octatetraene as well those calculated by using formula (14) . The labeling of the atoms is given in Figure 1 .
Atom Formula (6) Formula (14) Figure 3 for small representatives of the GNFs studied here 298 the index G pp predicts the largest atomic displacements at the 299 edges of the GNFs in a way that coincides with the spin densities 300 calculated for these systems using first principle methods [9] . This 301 is a remarkable finding as our Hamiltonian does not consider elec-302 tron spin explicitly. It can be interpreted by considering that the Figure 3 . Illustration of the atomic displacements due to spin-spin repulsion at the sites of some small representatives of the four types of GNFs studied. The atomic displacements are plotted as circles whose radii are proportional to G pp and the color correspond to atoms in the same bipartite set. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Figure 2 . Illustration of the atomic displacements due to spin-spin repulsion, G pp and the bond dissociation enthalpies (kcal/mol at 298 K) for the cleavage of the C-H bond at different sites of three PAHs. The atomic displacements due to spin-spin repulsion are plotted as circles whose radii are proportional to G pp and the color corresponds to spin up or down. Values in parenthesis are obtained experimentally by Reed and Kass [22] . tion that resided at site q at time t = 0 ends up at the site p due to the autocorrelation function convergent, yielding C(t) $ 1/t. In Fig-375 ure 4 we illustrate the scaling behavior of the return probability and 376 the temporal autocorrelation function for the four systems studied.
377
The sizes of the systems are 498, 486, 526, and 500, respectively. It 378 is observed in the four GNF systems that C(t) decays with a power- 
